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INTELLIGENT CORING SYSTEM

The present invention relates generally to drilling and
coring of subterrain formations. More specifically the inven-
tion relates to a method and apparatus for cutting a core and
encapsulating 1t downhole for later analysis.

BACKGROUND OF THE INVENTION

The process of coring subterrain formations typically
involves drilling down to the point of interest with a con-
ventional drilling assembly including a drill bit, this 1s well
known 1n the art. The depth where coring 1s to commence 1s
typically determined by analyzing drill cuttings collected at
surface from the drilling process and/or results from logging
sensors that are used to measure formation properties during
the drilling process, known as Measurement While Drilling
(MWD) systems. The dnll cuttings are transported to the
surface by means of the return mud tlow, this may typically
take 30 minutes or more. The sensors of the MWD system,
typically capable of measuring natural radiation from the
formation, 1.e. Gamma Ray this 1s a parameter of natural
gamma radiation of the formation, and electrical conductiv-
ity, 1.e. Resistivity which 1s a parameter of inverted electrical
conductivity of the formation, 1s placed some distance
behind the drill bit. This means that both sources of infor-
mation represent formation that has already been drilled, so
the uppermost part of the formation that 1s wanted to be
cored 1s quite often missed.

Once the point of interest 1s determined, 1t 1s typically
pulled out of the drilling hole to replace the drilling assem-
bly with a coring assembly. The coring assembly, consisting
of a hollow core bit and an 1nner string for collecting the core
1s run into the drilling hole and coring of the formation of
interest 1s carried out. Upon completion of the coring
process, the core assembly 1s pulled out of the drilling hole
to retrieve the inner string containing the core. Subsequently,
a new coring assembly 1s run in the drilling hole to continue
coring, or a drilling assembly 1s run 1n the drilling hole to
revert to dnilling mode, where no core 1s collected. The
complete process includes minimum two roundtrips from
the bottom of the drilling hole to surface to first pick up and
run a coring assembly for coring, then to change back to a
drilling assembly for drilling. This takes substantial time and
also increase risk of the wellbore conditions to deteriorate,
giving potential problems as drilling continue.

It would be desired from a time, cost and wellbore quality
point of view to be able to both cut and preserve the core
without having to trip the bottom hole assembly out of the
wellbore after coring 1s completed. One relevant coring
system has been described in U.S. Pat. No. 5,568,838 on a
Bit-stabilized combination coring and drilling system. In
this system a specially designed combination drilling and
coring bit including a retrievable center plug 1s used to
alternate between drnlling and coring modes. After coring,
the core 1s retrieved by lowering a catch mechanism on a
wireline inside the drillpipe, engaging the top of the core
barrel and retrieving the core assembly by means of the
wireline. This has the advantage of not requiring a roundtrip
to surface with the coring assembly. However, 1t still
requires lowering the wireline down to the core barrel and
pulling out to retrieve the core at surface. This takes time and
also has limitations 11 the borehole inclination (1.e. the angle
of borehole relative to vertical) 1s high, thus limiting the
ability of the wireline assembly to travel to the bottom of the
wellbore by its own weight. Also this method represent a
risk that the core assembly may get stuck and the wireline
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broken during the retrieval process, or not being able to
engage the core with the wireline catch mechanism, both
resulting time consuming operations to retrieve the core and
revert to drilling mode.

Furthermore, during normal coring operations the core 1s
cut and subsequent retrieved by tripping the coring assembly
all the way out of the drilling hole to surface. During the trip
to surface the core will be subject to lower pressures and
temperatures. This causes gases and liquids present within
the core to bleed out of the core sample. Vital information
about the chemical material within the core 1s lost as 1t
escapes from the core during transport to surface, and the
core sample will not be representative of the downhole
formations from where 1t was cut.

Pressure core systems have been developed where the
core 1s collected 1n a core barrel which 1s sealed off after the
core 1s cut to provide a pressure-tight seal prior to retrieving
the core to surface. It may involve a self-contained high
pressure nitrogen gas supply with a controlled expansion of
an accumulator compartment to maintain approximate for-
mation pressure (a parameter ol the virgin pressure of the
formation), trapped 1n the pressure-tight compartment of the
barrel, ref. U.S. Pat. No. 3,548,958 1ssued to Blackwell et al.
Pressure core systems typically also include flushing of the
core, etther on surface or downhole, with the disadvantage
of potentially contaminating the core with the flushing tluid.
Furthermore, handling of the core at surface both include
risk due to the pressure contained within the mechanical
compartment and the requirement of freezing the core and
maintaining 1t 1n a frozen state during transport to the
laboratory.

One such pressure core system also include a non-invad-
ing gel as 1s described 1n U.S. Pat. No. 5,482,123 1ssued to
Baker Hughes Incorporated. The non-invading gel will
reduce the 1mvasion of mud filtrate into the core during the
coring process. As the non-invading gel 1s not pressure tight
it will not be capable of fully preventing material from
within the core of escaping as pressure i1s lowered during
travel from downhole to the surface, and only partly be
capable of preserving the core 1n a relatively pristine state.
Also, as the core barrel needs to be filled with the non-
invading gel prior to running 1t in the dnlling hole, the
amount of non-invading gel relative to the volume of the
core after 1t has been cut may be substantial. For instance, 1f
it 1s planned to cut a 10 meter core, but only 1 meter core 1s
cut prior to 1t for operational reasons need to be retrieved, the
volume of non-invading gel that may interact with the core
1s substantial. Also, the non-invading gel surrounds the core
material during the whole process of cutting the core, while
the current invention encapsulate the core during or after the
coring process 1s completed, minimizing the time allowed
for interaction between the core and the non-invading gel.

The present invention relates to a method and apparatus
for overcoming shortcomings of prior art when cutting and
retrieving a core to be analyzed.

The method and apparatus for cutting a core and encap-
sulating 1t for later analysis 1s described by receiving the
core 1 a core barrel, encapsulating the core at downhole
conditions with a material capable of providing a pressure
tight seal around the core, temporary storing the core down-
hole within the core barrel and subsequently retrieving the
core at the surface for analysis, later referred to as the coring
mode. Furthermore the mnvention includes sensor technology
for measuring the characteristics of the core downhole
during the coring process, transmitting said information to
surface for analysis and using said information to identily
sections of the core that 1s required to be collected, encap-
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sulated, stored and subsequently retrieved for analysis. The
system may 1nclude downhole intelligence to allow said
identification of wanted core intervals to be determined
downhole. Last the invention includes apparatus for grind-
ing away unwanted core material of formations of no
interest and removing the same by discharging this material
in the return mudflow, later referred to as the drilling mode.

The present invention can be used for all or any operations
where a subsurface core sample 1s required.

SUMMARY OF THE INVENTION

The present invention 1s described by a method for coring
of a subsurface formation. The method 1s defined by:

running a coring system comprising a core barrel and a

hollow core bit, an iner tube for collecting wanted
sections of core material, and coring said subsurface
formation, and

encapsulating said wanted core with a chemical substance

in fluid form downhole.

Further features of the inventive method are defined in the
claims.

The present invention 1s also defined by an apparatus for
coring of a subsurface formation comprising means for
encapsulating the core downhole to provide a pressure tight
seal and where said means comprises:

a core barrel and a hollow core bit for cutting of the

subsurface formation,

an outer core barrel assembly including an outer core

string with coupling means to the drill string at the top
and the core bit at the bottom, and

an 1nner core string with coupling means to the outer core

string, with a core catcher to prevent the core from
falling out, with a closing system for closing the top of
the core barrel, with an encapsulation system for encap-
sulating the core after 1t has been cut, and with a storage
capacity for storing encapsulated cores downhole until
they are retrieved.

Further features of the apparatus are defined 1n the claims.

The mvention allows altering between drilling and coring
mode without the need to alter the downhole assembly, and
encapsulating the core to provide a pressure tight seal.

DETAILED DESCRIPTION

The present invention will now be described 1n detail with
reference to the figures 1 which:

FIG. 1 1s a side view of a general drawing outlining the
main elements of the intelligent coring system;

FIG. 2 15 a cross section of the measurement while coring,
sensor device at position 24 1n FIG. 1;

FIG. 3a 1s a cross section of the measurement while
coring sensor device at position 24 in FIG. 1;

FIG. 3b 1s a cross section of the measurement while
coring sensor device at position 24 1 FIG. 1;

FIG. 3¢ 1s a cross section of the measurement while coring,
sensor device at position 24 1n FIG. 1;

FIG. 4a 1s a profile section of the measurement while
coring sensor device at position 24 i FIG. 1, and

FIG. 4b 1s a profile section of the measurement while
coring sensor device at position 24 in FIG. 1.

FIG. 1 1s a side view of a general drawing outlining the
main elements of the Intelligent Coring System. The main
components are Core Bit 12, Measurement While Coring
(MWC) sensor device 24, Measurement While Coring elec-
tronics device 135, Core grinder 20, Core catcher 22, Outer
housing 14, Core (not encapsulated) 34, Encapsulation
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maternial (after encapsulation) 32, Top cover 16, Top cover
valve and pressure sensor means 30, Encapsulation material
reservoir (Chemical component 1) 29, Encapsulation mate-
rial reservoir (chemical component 2) 28, Encapsulation
material mixer and pump unit 26, Core (encapsulated) 35,
Inner core string 48, Hydraulic pressure accumulator 36,

Electrical power accumulator 38, Electrical generator 44,
Mud driven turbine 42.

FIG. 2 1s a cross section of the Measurement While
Coring sensor device at position 24 outlining the main
clements of the measurement while coring sensor device 24.
The main components are Formation surrounding the bore-
hole 50, Annulus between outer core string and borehole
wall 51, Outer core string 14, Annulus between 1nner core
string and outer core string 52, Inner core string 48, Annulus
between inner core string and core 53, Core (not encapsu-
lated) 34, Measurement While Coring electronics device 15,
Measurement While Coring sensor receiver 61 (designed to
measure inwardly into the core), Measurement While Cor-
ing sensor transmitter 62 (designed to measure across the
core), Measurement While Coring sensor receiver 63 (de-
signed to measure across the core), Measurement While
Coring sensor device 71 (designed to measure outwardly
across the annulus 351 and into the surrounding formation).

FIG. 3a 1s a cross section of the Measurement While
Coring sensor device at position 24 outlining the main
components of a Measurement While Coring sensor device
where the sensor 1s a detector measuring a natural property
of the core. The main components are Inner core string 48,
Annulus between 1nner core string and core 53, Core 34 (not
encapsulated), Measurement While Coring sensor receiver
61 (designed to measure inwardly into the core).

FIG. 3b 1s a cross section of the Measurement While
Coring sensor device at position 24 outlining the main
components of a Measurement While Coring sensor device
where the sensor comprise a signal transmitter and a signal
receiver measuring a property of the core across the core in
a radial direction. The main components are Inner core
string 48, Annulus between inner core string and core 53,
Core (not encapsulated) 34, Measurement While Coring
sensor transmitter (designed to measure across the core) 62,
Measurement While Coring sensor receiver (designed to
measure across the core) 63.

FIG. 3¢ 1s a cross section of the Measurement While
Coring sensor device at position 24 outlining the main
components of a Measurement While Coring sensor device
where the sensor comprise a signal transmitter and two
signal receivers measuring a property of the core across the
core 1n a radial direction, with the distance from the trans-
mitter to the two receivers being different. The main com-
ponents are Inner core string 48, Annulus between inner core
string and core 53, Core (not encapsulated) 34, Measure-
ment While Coring sensor transmitter (designed to measure
across the core) 62, Measurement While Coring sensor
receivers (designed to measure across the core) 63.

FIG. 4a 1s a side view of the Measurement While Coring,
sensor device at position 24 outlining the main elements of
a Measurement While Coring sensor device where the
sensor comprise a point like signal transmitter and a point
like signal receiver measuring a property of the core, along
the core 1 a longitudinal direction. The main components
are Inner core string 48, Annulus between 1nner core string
and core 53, Core (not encapsulated) 34, Measurement
While Coring sensor transmitter (designed to measure along
the core) 82, Measurement While Coring sensor receiver
(designed to measure along the core) 83.
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FIG. 4b 1s a side view of the Measurement While Coring,
sensor device at position 24 outlining the main elements of
a Measurement While Coring sensor device where the
sensor comprise a ring like signal transmitter and a ring like
signal receiver measuring a property of the core along the
core 1n a longitudinal direction. The main components are
Inner core string 48, Annulus between nner core string and
core 53, Core (not encapsulated) 34, Measurement While
Coring sensor transmitter (designed to measure along the
core) 92, Measurement While Coring sensor receiver (de-
signed to measure along the core) 93.

The data obtained from downhole core samples 1s essen-
tial for geologists, petro-physicists and reservoir engineers
in order to analyze, describe and understand the subterrain
formations. In order for the data obtained from the analysis
ol the core to have signmificance, the core must be represen-
tative of the reservoir rock, including the fluids within the
core at reservolr conditions. A core barrel including a core
bit 12, an outer core string 14 and an iner core string 48 1s
used to cut a downhole core 34 from subterrain formation
50.

Encapsulation material 1s prepared either on surface or
within the downhole coring system and subsequent to the
completion of the coring process either pumped from sur-
face or from a downhole reservoir or downhole mixing
means 26 within the coring system to fully encapsulate the
core 35. When subject to the pressure and temperature
conditions at the core, the material undergo a reaction to
transform from a fluid state to a solid state, thus providing
a pressure tight seal 32 around the core. In the preferred
embodiment the encapsulation material 1s mixed and the
core 34 encapsulated while 1t 1s bemng cut 1n a continuous
process. The encapsulated core sample will prevent any fluid
or pressure from escaping when raised to surface and thus
retain all material and pressure within the core. At or close
to the surface, the top cover 16 with the top cover valve and
pressure sensor means 30 of the encapsulated core sample
may be connected to an apparatus at site for bleeding of the
pressure, collect and analyze the core sample’s chemical
content and mechanical integrity, including the material
retrieved 1n the process of bleeding of the pressure within the
core. Alternatively the core sample 1s placed 1n a pressure
container and transported to a laboratory for analysis.

Furthermore, after the core has been cut and encapsulated
downhole, the core may be temporary stored downhole 1n an
inner core string 48 within the coring system. The core will
be preserved and protected within the system and on a later
trip to the surface retrieved from the coring system. A core
catcher 22 1s included to prevent the core from falling out of
the core string prior to encapsulation i1s performed.

The composition of the encapsulating material of the
present mvention will vary depending upon characteristics
of the formation to be cored. For example, a highly perme-
able formation will require a highly viscous material so that
the encapsulating material will not invade the formation of
the core. In contrast, a tighter formation with lower perme-
ability will not require such a viscous encapsulating material
because the tendency of the material to invade the formation
will be reduced. One of the most important factors 1ntlu-
encing the composition of the encapsulating material will be
temperatures and pressures encountered downhole at the
point where the sealing encapsulation process 1s taking
place. The encapsulating material could be comprised of any
number of materials that are capable of increasing viscosity
and/or solidifying under the particular conditions to be
experienced downhole.
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A grinding means 20 may be included to remove
unwanted core material such as formations of no interest for
coring. The grinding means will remove unwanted core
maternial by grinding or drilling it into small pieces of rock
that can be discharged into the return mud flow and thus
removed from the core. In this way drilling may resume after
coring by using a combination of a core bit and a grinding
means, thus eliminating the need to trip to surface to change
from a coring assembly with a core bit to a drilling assembly
with a drill bit. With the combination of the technologies to
encapsulate the core downhole, temporary store the core
within the coring system, and selectively alter between
coring and drilling modes within the same system, no trips
will be required to drill subterrain formations and obtain
cores of selected intervals as required.

As previously described a core catcher 22 1s included to
prevent the core from falling out of the core string after 1t has
been cut. Furthermore, the grinding means 20 1s capable of
erinding away unwanted core material. In the preferred
embodiment, said grinding means 20 will also function as a
core catcher. Upon completion of the process of cutting a
core, the grinding means 20 will be activated, thus cutting
ofl the core at its position. This will prevent the core from
talling out of the core string if the core string 1s lifted from
the bottom of the drilling hole. Also, this will prevent excess
encapsulation material from being used as 1t would other-
wise fill empty space below the bottom of the core.

Also within the systems may be sensors capable of
measuring certain parameters or characteristics of the sub-
terrain formation and the coring system during the coring
process. Sensors may be placed both internally within the
assembly means to measure said characteristics of the core
during the coring process and externally on the assembly to
measure same said characteristics of the surrounding for-
mations during the coring process. Measuring such param-
cters 1s known 1n the art as Measurement While Drilling
(MWD) technology. Typical formation logging sensors 1s
including, but not limited to; Gamma Ray, Resistivity,
Neutron Porosity (which 1s a parameter of hydrogen index of
the formation), Density (a parameter of electron density of
the formation), Acoustic (a parameter of shear and compres-
sional wave travel times), Formation Pressure, Magnetic
Resonance (a parameter of specific quantum mechanical
magnetic properties of the atomic nucleus commonly
expressed as the T2 spectrum to identify the fluid type,
estimate saturation levels, permeability, and in-situ fluid
viscosity), Temperature and Wellbore Pressure. Correlating
said measured parameters logged by time with other logged
time versus depth information will provide a depth based log
of the same formation or core characteristics. By correlating
the formation log created from the sensors external on the
assembly to a log of similar sensors measuring the same
characteristics of the core internal to the assembly, a corre-
lation log whereby any absent coring material or cored
interval may be identified will be provided.

During conventional coring the point of interest where
coring 1s to commence 1s typically decided by analyzing the
drilled cuttings that return with the mud flow to surface
and/or measurements from downhole sensors within the
drilling assembly, previously referenced to as MWD sen-
sors. As the dnll cuttings will take substantial time to travel
to surface and the MWD sensors are placed some distance
behind the drilling bit, both sources of information represent
evidence of what has been drilled already, and this infor-
mation will be lagging the front of the drllbit 1n both time
and depth. Consequently vital information may be lost as
quite often the upper part of where coring was wanted to be
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started has been drilled away already before a decision to
stop for coring could be made. Consequently this important
interval 1s drilled and not cored, and theretore lost as no core
1s obtained. The present invention may in principle core the
entire nterval. Sensors placed immediately 1n vicinity of the
core bit where the core enters the assembly may be included
and provides said vital measurement information of the
downhole formations during coring, which again allows a
decision to be made to keep and preserve the logged core, or
to grind away and discard the same interval. This allows the
vital information about the downhole formations from the
sensors to be analyzed first, before making a decision to
either keep or discard the relevant cored interval. The result
will be that all and any mterval of mterest may be kept and
preserved, while all and any interval of no interest may be
discarded on basis of the downhole sensor information, with
no requirement to trip out of the hole to change equipment
to alter between drilling and coring modes.

Means for embedding time and date immformation in the
preserved core may be included it MWC sensors are
included. It 1s of vital importance to correlate said time data
to the depth where the measurement 1s performed. This
correlation 1s done by comparing time and depth data logged
at surface during the coring process with the time data stored
within the core. This time information may be stored by
embedding markers or time capsules within the core during
the coring process, prior to encapsulating the core, where
said time mnformation can be retrieved on surface by scan-
ning the core to record the information from the time
capsules. The time and depth data from the core may be used
to provide a depth versus core log, and again correlated to
the time and/or depth based log for the downhole sensors
that has been transmitted to surface during the coring
process. Communication with the MWC sensors, signal
processing of sensor information, power supply means, time
tracking, control of all devices within the Intelligent Coring,
System and communication to and from surface 1s provided
and controlled by the MWC electronics device 15.

Altering between modes of keeping or discarding the
cored material can be done automatically by the downhole
apparatus by including intelligence that analyze the forma-
tion characteristics from downhole sensor information and
based on pre-determined set of parameters decides to either
keep or discard the cored material. By including such
downhole intelligence the system may be capable of altering
between modes of keeping or discarding cored intervals
automatically, including situations where said logging sen-
sor information 1s not transmitted to surface.

A two-way communication system may be included to be
able to send information from the downhole Intelligent
Coring system to surface, and vice versa. Information to be
sent from the downhole system to surface may include, but
not be limited to; information from the downhole sensors
measuring the formation characteristics, information from
other downhole sensors measuring properties of the Intell:-
gent Coring system, the wellbore, the static and dynamic
parameters of the system in the wellbore, directional infor-
mation, information and status of the coring system such as
total interval cored and preserved, status and wear charac-
teristics of the grinding mechanism, remaining volumes of
encapsulation material, remaining room for storing encap-
sulated cores, etc. Information to be transmitted from sur-
tace to the downhole system may include, but not be limited
to; commands to start the encapsulation process, commands
to change between coring and drilling modes, commands to
start or stop the grinding system, commands to start specific
logging operations such as performing a formation pressure
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measurement, or commands to transmit to surface various
information about system performance, diagnostics and sta-
tus. Such two-way communication system could include a
variety of different communication means, including but not
limited to; information sent as pressure signals 1n the drilling
mud, or electrical, microwave, electromagnetic or other
signal through the drillstring or parts thereof, or fiber optic,
clectrical or other signal through a cable or conduit running
through the system, or electromagnetic or other signal from
the drillstring through the earth.

Traditional MWD technology includes sensors placed on
the outer circumierence of the MWD tool collar. The sensors
71 are measuring 1n an outwardly directed direction through
the annular space 51 between the sensor and the formation
which 1s typically filled with drilling mud, and finally into
the formation 50. As drilling 1s typically done with higher
pressure within the borehole than the surrounding forma-
tions, this overpressure causes fluid from the drilling mud to
invade the pristine formation. Consequently, MWD sensors
are constructed to be able to read far into the formation,
beyond both the drilling mud contained 1n the annular space
between the sensor and the borehole wall, and the invaded
zone. The deeper into the formation the sensor reads, the
poorer the vertical resolution of the measurement will be. A
larger annular space and distance between the sensor and the
formation of interest also negatively aflect the accuracy of
the measurement, especially 1n terms of vertical resolution.

The present invention may include Measurement While
Coring (MWC) sensors 24 placed internally and measuring
inwardly into the core, immediately after the core has been
cut. This means the core will be less mvaded as fluid
invasion 1s also a function of time. The sensors can be placed
immediately 1 vicimity of the core material, with no or
minimal drill fluid filled annular space 33 1n between. This
means the MWC sensors can be constructed differently with
other characteristics than traditional MWD sensors that
measure outwardly. Most significantly, the sensors only need
to have a very small distance of investigation, as the core
itsell 1s only typically 5-10 cm 1n diameter. The present
invention includes various sensors capable of measuring
certain characteristics of the cored formation. These sensors
may include, but not be limited to; sensor measuring natural
radiation of the formation (Gamma Ray) by means of a GR
detector, sensor measuring electrical conductivity (Resistiv-
ity) of the formation by means of electromagnetic wave
transmitter(s) and receiver(s), sensor measuring Neutron
Porosity by means of a neutron source/emitter and
detector(s), sensor measuring Bulk Density by means of a
gamma ray source/emitter and detector(s), sensor measuring
acoustic shear and compressional travel times by means of
acoustic transmitter(s) and receiver(s), sensor measuring
formation pressure by means of 1solating a part of the core
and performing a pressure drawdown and observing the
pressure build up to virgin formation pressure, NMR sensor
measuring quantum mechanical magnetic properties of the
atomic nucleus commonly expressed as the T2 spectrum by
means of magnetic resonance to identify the flmd type,
saturation levels, permeability and in-situ fluid viscosity.
Temperature, wellbore pressure, drilling dynamics and other
sensors may also be included, as well as a directional sensor
device capable of measuring borehole inclination relative to
carth horizontal plane, borehole azimuth relative to earth
north and tool face orientation (orientation of directional
sensor relative to 1ts own axis) by means of an accelerometer
and magnetometer device or gyroscopic nstruments.

The invention includes the capability of using the material
intended for encapsulation of the core to seal ofl zones
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where drilling mud 1s lost to the formation, known in the art
as lost circulation zones. If a weak zone 1s penetrated with
the drillbit, not capable of withstanding the pressure within
the borehole, drilling mud will be lost into this weak zone.
In order to seal off this weak zone, the encapsulation
material may be mixed and pumped through the corebit into
the weak zone and seal the weak zone while solidifying.
Drilling or coring may be resumed after the encapsulation
material has solidified and sealed the weak formation.

In the present invention power to the system 1s generated
downhole by means of a turbine 42 and generator 44 driven
by the mudflow, which 1s pumped through the drillstring
from surface. Also included are accumulators capable of
storing and provide electrical power 38 to allow operation of
the system 1n cases where drilling mud 1s not pumped from
surface, and/or pressure accumulators 36 capable of storing
and provide pressure for operating the encapsulation mate-
rial mixer and pump unit 26 for downhole mixing of the
encapsulation material 28 and 29 with or without pumping
drilling mud from the surface. The power generation system
may be placed higher up in the system with mud returns
significantly separated from the MWC sensor device and the
encapsulation means to minimize influence of the mud on
both measurements and the quality of the core prior to
encapsulation.

As the encapsulated core contains the original fluids and
pressures irom downhole 1t may represent a satety risk when
brought to surface. The present invention includes means for
backing off and retrieving the upper sections of the coring
apparatus, above the encapsulated cores. The top of each
section of encapsulated core may 1nclude a sealing top cover
16 with a connection point and a valve 30, as seen 1n FIG.
1. A surface system may be connected to said connection
point to bleed off the pressure withuin the encapsulated core
and collect all fluids that escape during the bleed off process
for analysis of 1ts content and composition. From a safety
point of view 1t would be advantageous to connect to and
drain the core when the core 1s brought close to the surface,
but 1s still within the uppermost parts of the wellbore/riser
system, and therefore not physically on surface. A stabbing
apparatus which 1s connected to and essentially 1s part of the
surface system may be run into the core string and connected
to said connection point of each encapsulated core, to
perform said draining process of each core prior to bringing
the core all the way to surface.

The present invention presents several advantages. A
combined drilling and coring system 1s designed which
enables altering between drilling and coring modes without
the need to trip the assembly out of the drilling hole to alter
between the modes of operation, and without the need to
pause the operation to retrieve the core by means of fishing,
it out of the dnll string by the use of a wireline retrievable
core assembly. This saves significant time when trips to
surface are saved.

In the present mvention, the core 1s encapsulated and
preserved during or immediately after coring and may be
retrieved by pulling the coring assembly out of the wellbore
prior to commencing drilling, or preterably be stored in an
inner string within the combination coring and drilling
assembly and retrieved at a later stage after drilling 1is
completed or operations otherwise dictate. The quality of the
core sample will be preserved during transport to the surface
as no tluids will escape during the process of raising the core
from downhole conditions to surface conditions. This will
increase the quality of the core and improve the accuracy of
interpretations and analysis of the core data, thus resulting 1n
a more accurate reservoir description.
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The coring system may include Measurement While
Coring (MWC) sensors providing vital information of the
formation characteristics of the cored material as 1t 1s being
cored. This information may be used to decide which
sections of the core 1s of interest and will be encapsulated
and preserved, and which sections are of no interest and can
be discarded. Furthermore, the decision to keep or discard
cored material may be made before the core 1s encapsulated
or grinded away, thus ensuring all relevant and interesting
core material can be kept. This 1s in contrast to conventional
methods where typically some distance of the uppermost
section of the wanted core 1s lost as the information used to
decide when to core 1s lagging the drillbit 1in time and
distance. Consequently all interesting and relevant forma-
tion can be collected and cored with the present invention.
Also, when using a conventional system, coring tend to
continue after formations of interest has been passed as no
MWC coring information 1s typically available. So not only
are 1mportant intervals missed, quite often also undesired
intervals are obtained.

Downhole itelligence may be bult into the system to
automate the process of keeping or discarding cored mate-
rial, based on the measurements obtained by the downhole
formation sensors. This will speed up the decision process
and enable the system to function even 1f transmission of
information to and from the surface i1s unavailable.

The design of the system will enable MWC sensors to be
placed much closer to the formation of interest as these
sensors may measure on the core directly, and measure/sense
inwardly. The sensors can be made smaller and more com-
pact. Certain measurements will also be much less demand-
ing when measured around a core as opposed to being
measured from the outer circumierence of the MWD tool
and through an annular space and into the formation. This
will enable more straightforward logging sensors to be
constructed. One such example 1s the Magnetic Resonance
tool, which may be built 1n a form closer to 1ts origin from
medical science, as opposed to the complex design of
existing logging tools that have to be made i1n order to
overcome the unfavorable logging conditions external on an
MWD tool.

As the MWC sensors measure diflerent characteristics of
the core and have different modes of operation, the design of
the individual sensors may differ depending on said mode of
sensor operation. Providing MWC sensors are included 1n
the apparatus, their preferred design will be described as
follows:

In the preferred embodiment the gamma ray sensor 1s a
detector measuring natural radiation of the formation in
close vicinity of the core, measuring across the core, as
described in FIG. 3a. Here the gamma ray sensor 1s repre-
sented as 1tem 61. It 1s understood that there may be more
than one gamma ray detector.

In the preferred embodiment the neutron porosity sensor
includes a point like neutron emitter and one or more point
like neutron receivers, placed 1n close proximity to the core
and measuring across the core as described 1n FIGS. 35 and
3c. Here the emitter would be 1tem 62 and the receivers are
items 63. In an alternative embodiment the neutron porosity
sensor includes a point like neutron emitter and one or more
point like neutron receivers, placed 1n close proximity to the
core and measuring along the core as described 1n FIG. 4aq.
Here the emitter would be item 82 and the receiver 1tem 83.

In the preferred embodiment the density sensor includes
a point like gamma emitter and one or more point like
gamma receivers, placed in close proximity to the core and
measuring across the core as described i FIGS. 35 and 3c.
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Here the emitter would be item 62 and the receivers are
items 63. In an alternative embodiment the density sensor
includes a point like gamma emitter and one or more point
like gamma receivers, placed 1n close proximity to the core
and measuring along the core as described 1n FIG. 4a. Here
the emitter would be 1tem 82 and the receiver item 83.

In the preferred embodiment the acoustic sensor imncludes
a point like sound wave transmitter and one or more point
like sound wave receivers, placed 1n close proximity to the
core and measuring across the core as described 1n FIGS. 356
and 3c. Here the transmitter would be i1tem 62 and the
receivers are items 63. In an alternative embodiment the
acoustic sensor includes a point like sound wave transmitter
and one or more point like sound wave receivers, placed 1n
close proximity to the core and measuring along the core as
described in FIG. 4a. Here the transmitter would be 1tem 82

and the recerver item 83.

In the preferred embodiment the resistivity sensor
includes one or more ring like electromagnetic wave trans-
mitters and one or more ring like electromagnetic wave
receivers placed 1n close proximity to the core as described
in FIG. 4b, measuring along the core. Here the transmitter
would be 1item 92 and the receiver item 93. In an alternative
embodiment the sensor includes one or more point like
clectromagnetic wave transmitters and one or more point
like electromagnetic wave receivers placed 1n close prox-
imity to the core as described in FIGS. 34 and 3¢, measuring
across the core. Here the transmitter would be item 62 and
the recerver 1tems 63.

In the preferred embodiment the nuclear magnetic reso-
nance sensor includes one or more ring like magnetic
resonance emitters and one or more ring like magnetic
resonance receivers placed in close proximaity to the core as
described 1n FIG. 4b, measuring along the core. Here the
transmitter would be 1tem 92 and the receiver item 93. In an
alternative embodiment the sensor includes one or more
point like magnetic resonance emitters and one or more
point like magnetic resonance receivers placed 1n close
proximity to the core as described 1 FIGS. 3b6 and 3c,
measuring across the core. Here the transmitter would be
item 62 and the receiver items 63.

In the preferred embodiment the formation pressure sen-
sor includes means for 1solating a surface area of the core by
pressuring two sealing elements each providing a pressure
tight seal around the total outer 360 degree circumierence of
the core, spaced some distance apart, to provide an i1solated
annulus as described 1n FIG. 4b. Here the sealing elements
would be 1tems 92 and 93. A formation pressure tester
apparatus (not included in drawing) is 1n communication
with said 1solated annulus and measures formation pressure
by providing a drawdown of the pressure within said iso-
lated annulus and allowing the pressure to build up to the
virgin formation pressure within the core. In an alternative
embodiment means for 1solating a surface area of the core 1s
provided by pressuring a sealing pad against the wall of the
core, and where this sealing pad includes a conduit for
pressure and fluid communication between the core and the
formation pressure sensor apparatus as described in FIG. 3a.
Here the sealing element would be 1tem 61.

From the description of FIGS. 2, 3a, 3b, 3¢, 4a and 45
above 1t 1s understood that:

there may be one or more sensors comprising a passive

recording device, such as a Gamma Ray detector;
there may be one or more signal transmitters and one or

more signal receivers in a configuration of an active

sensor, such as a Resistivity sensor, Neutron Porosity
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sensor, Density sensor, Acoustic sensor or Nuclear
Magnetic Resonance sensor;

Transmitter(s) and Receiver(s) in a sensor configuration
may consist of point like devices, such as indicated 1n
the referenced drawings 3a, 35, 3¢ and 4a, measuring
essentially a limited area of the core surface;

Transmitter(s) and Receiver(s) in a sensor configuration
may consist of ring like devices positioned around the
iner circumierence of the mmner core string, such as
indicated 1n the referenced drawing 45, measuring
essentially around the circumierence of the core;

both pomt like and ring like Transmitter(s) and
Receiver(s) may be positioned radially to each other, as
per the referenced drawings, measuring radially
inwardly or across the core;

both point like and ring like Transmitter(s) and
Receiver(s) may be positioned longitudinally to each
other, measuring essentially immwardly and along the
core, and

a combination of point like Transmitter(s) and ring like
Receiver(s) 1s possible, both 1n a radial and/or longi-
tudinal configuration, and

a combination of ring like Transmitter(s) and point like
Receiver(s) 1s possible, both 1n a radial and/or longi-
tudinal configuration, and

there may be one or more transmitters or one or more
receivers for each sensor configuration.

The mnvention claimed 1s:

1. A method for coring of a subsurface formation com-

prising:

running a coring system comprising an outer core string,
a hollow core bit for coring said subsurface formation,
an 1nner core string for collecting of core matenial,

measuring formation parameters including properties of
the cored material by downhole sensors, and

using said formation measurements to determine 1f sec-
tions of the cored material 1s to be kept or discarded.

2. The method according to claim 1, wherein the cored
material to be discarded 1s grinded away with a core grinder
and discharged to the return mudilow.

3. The method according to claim 2, further comprising
encapsulating the core material that 1s to be kept after the
cored material to be discarded 1s grinded away, and where
said encapsulating 1s performed downhole with a chemical
substance 1n fluid form making a pressure tight seal.

4. The method according to claim 1, wherein said down-
hole sensors measuring formation parameters are placed in
close proximity to the core bit and measures said formation
parameters prior to a decision 1s made for keeping or
discarding the cored matenal.

5. The method according to claim 1, wherein information
from said downhole sensors measuring formation param-
eters 1s transmitted to the surface.

6. The method according to claim 1, wherein information
from said downhole sensors measuring formation and other
parameters 1s transmitted to the surface through signals
through the earth, 1n a drillstring, an inner drillstring, a
dedicated line by means of electromagnetic signal, electrical
signal, wave signal, optical signal or by pressure signals 1n
the drilling mud within or around said drillstring, said inner
drillstring or said dedicated line.

7. The method according to claim 1, further comprising
embedding time information on the core material during the
coring process, and scanning the core matenal at the surface
to record said time information and matching this with
corresponding recorded time and depth information logged
at surface during coring.
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8. The method according to claim 1, wherein a decision to
keep or discard cored material 1s performed by a downhole
clectronics device based on the mnformation from said down-
hole sensors measuring formation parameters.

9. The method according to claim 3, wherein said chemi-
cal substance in fluid form undergoes a reaction and trans-
forms to a solid state to provide a pressure tight seal around
the core.

10. The method according to claim 3, wheremn said
chemical substance 1n fluid form 1s stored 1 a pressure
chamber(s) downhole as part of the coring system, and a
reaction 1s 1nmitiated by releasing said fluid downhole and
encapsulating said core material, thereby forming a pressure
tight seal after solidification.

11. The method according to claim 3, wherein said
chemical substance in fluid form undergoes a reaction to
solid state by means of a pressure and/or temperature change
when said fluid 1s escaping from 1ts chamber(s) and encap-
sulating said core material, and where

the pressure and/or temperature 1n said pressure chamber

1s substantially higher than the pressure and/or tem-
perature of the core, or

the pressure and/or temperature 1n said pressure chamber

1s substantially lower than the pressure and/or tempera-
ture of the core.

12. The method according to claim 3, wheremn said
chemical substance 1n fluid form 1s being created by mixing
two or more substances that undergo a chemical reaction to
form a solid state substance.

13. The method according to claim 3, wheremn said
chemical substance in fluid form 1s mixed on surface and
pumped down to the core system through a drillstring, or an
inner drllstring or a dedicated line for transporting said flmd
to the core system downhole.

14. The method according to claim 3, wheremn said
chemical substance 1 fluid form 1s mixed downhole as part
of the coring system by releasing one or more chemical
components from a separate chamber(s) to a main chamber.

15. The method according to claim 3, wheremn said
chemical substance 1n fluid form 1s mixed downhole as part
of the coring system by releasing one or more chemical
components from separate chamber(s) to encapsulate said
core material, and where one of the chemical components
are already surrounding the core material during the coring
process.

16. The method according to claim 3, wherein the mixing
of said chemical substance in fluid form may be performed
by a downhole mixing apparatus.

17. The method according to claim 135, wherein the
amount of respective two or more fluid components to be
released from their respective chamber(s) 1s controlled from
surface or 1s controlled by a downhole electronics device.

18. The method according to claim 3, wheremn said
chemical substance 1n fluid form 1s mainly a polymer chain
type that changes composition when said pressure and/or
temperature change 1s mitiated to form longer polymer
chains and thereby undergoing a process to enter a solid state
from 1ts mitial flmd state.

19. The method according to claim 9, wherein the solidi-
fication process of a chemical substance in fluid form 1s a
result of the type and concentration of said two or more
components to match the downhole temperature and pres-
sure conditions at the position of the core material when
encapsulation 1s performed.

20. The method according to claim 3, wherein the amount
of material required to fully encapsulate the core material 1s
mimmized by means of a piston at the top of a core barrel,
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and by moving said piston downwards within the core barrel
to the top of the core after the coring process 1s complete, or
pushing the piston upwards with the top of the core to
prevent the entire volume of the core barrel above the core
from having to be filled with said encapsulation material.

21. The method according to claim 20, wherein said
piston 1s moved down to the top of the core by means of
pumping mud from surface or by means of pumping from a
hydraulic reservoir within the coring system.

22. The method according to claim 20, wherein said
piston 1s equipped with a top cover with a connection point
and a valve where a surface system may be connected to said
connection point before or after the core barrel 1s raised to
surface to enable to bleed off the pressure within the
encapsulated core and collect all fluids that escape during
the bleed ofl process for analysis of 1ts content and compo-
sition.

23. An apparatus for coring of a subsurface formation,
comprising;

an outer core string, a hollow core bit for coring said
subsurface formation, an inner core string for collecting,
of core matenal;

downhole sensors for measuring formation parameters
including properties of the cored matenal;

a downhole electronic device for controlling and commu-
nicating with the downhole sensors, and for analysing
the cored material to determine 11 sections of the cored
material 1s to be kept or discarded based on measured
formation parameters;

a core grinder for grinding away the cored matenal to be
discarded; and

one or more fluild communication channels allowing said
core material that 1s grinded off to be discharged to the
return mudflow.

24. The apparatus according to claim 23, further com-
prising a chemical substance in fluid form for encapsulating,
core material 1 a pressure tight seal after the discarded
material has been grinded away.

25. The apparatus according to claim 23, further com-
prising:

an encapsulation system with one or more chamber(s)
capable storing chemical components of said chemical
substance for encapsulating the core material

a mixing apparatus capable of mixing said chemical
components,

a pump and fluid distribution system capable of encap-
sulating said core material, and

a pressure chamber capable of storing hydraulic pressure
to operate said mixing and pump apparatus.

26. The apparatus according to claim 23, further com-

prising:

a power source for providing electrical power to the
sensor device,

an electronic device for controlling and communicating,
with the sensors,

a memory within the electronics device for recording
measurements and time information, and

a communication system for transmitting said measure-
ment characteristics and time information to the surface
and recerving control information from the surtace.

27. The apparatus according to claim 26, further com-
prising:

means for embedding the time information at appropriate
locations of the core material representing the time 1t
was measured.
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